In this article, UV-vis spectroscopy has been used in order to study the reaction kinetics between benzaldehyde 1, malononitrile 2 and dimedone 3 in a mixture of (ethanol / water, 1:2) as solvents in the presence of caffeine as a biodegradable catalyst. A mechanistic insight into the synthesis of 4H-tetrahydrobenzo[b]pyrans included spectral kinetics approaches is revealed. To investigate the influence of various parameters (temperature, solvent, concentration) on the degradation efficiency and to discuss whether describing the reaction by the means of the pseudo-first order kinetic model is convenient. The overall order of reaction for the formation of tetrahydrobenzo [b] pyran followed second-order kinetics and the partial orders with respect to 1, 2 and 3 were one, one and zero, respectively. The calculation of kinetic parameters would be an integral part of the report. The results showed that the first step of the reaction mechanism is a rate determining step (RDS)) and this is confirmed based upon the steady state approximation.
The simplest method involves one-pot, three-component condensation of malononitrile, an aldehyde and dimedone in different conditions 3, [6] [7] [8] [9] [10] [11] [12] [13] [14] . Various catalysts 15 18 TEBA, 19 KF-montmorillonite 20 , KF-alumina 21 , organocatalysts 22 , acetic acid 23 , diammonium hydrogen phosphate 24 and hexadecyltrimethyl ammonium bromide 25 have been used in this synthesis.
However, most of the methods to prepare 4H-benzo [b] pyran suffer from certain drawbacks including long reaction times, unsatisfactory yields, higher temperatures and use of expensive non reusable catalyst. To avoid these limitations, the discovery of a mild and efficient catalyst with high catalytic activity, short reaction time, simple work-up procedure and recyclability of catalyst is still being actively pursued for the synthesis of 4H-benzo[b] pyrans [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . We focused our investigation to developing new synthetic methods for the preparation of tetrahydrobenzo [b] pyran using benzaldehydes 1, malononitrile 2 and dimedonein 3 in the presence of caffeine as catalyst in a mixture of (ethanol / water, 1:2 ) (Fig. 1 ).
Kinetic analysis often used to be studied to see what happens to the molecular level during a chemical reaction. In a kinetic study of an organic reaction, for instance, experimental results in confirm or rejection to a proposed mechanism may have compelled us to think of a more detailed chemical reaction. The purpose of any kinetic study is to form a quantitative relationship between the rate of a reaction and the concentration of reagents or catalysts [37] . Thus, the best solution to meet this aim is simply to follow the disappearance of the starting material or appearance of a product as a function of time. This can be done by measuring the rate of a reaction at various concentrations of reactants and catalysts in order to determine the kinetic order with respect to a particular reactant and to establish an overall function which represents the rate law of a behavior reaction with a known rate constant. Kinetics studies suggest many practical techniques to accomplish these measurements. The literature, experimental and theoretical kinetics studies and mechanism investigation have fully been discussed for various reactions such as ylides [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] . Herein, we were interested in studying the kinetics of the reaction and the details of our ûndings are reported in this paper, comprehensively.
ExPERIMENTAL

Chemicals and Apparatus used
All reagents and solvent were purchased from Merk and Aldrich and used without any purification. Rate constants are presented as an average of several kinetic runs (at least 6-10) and are reproducible within ± 3%. The overall rate of reaction is followed by monitoring absorbance changes of the products with time on a Varian (Model Cary Bio-300) UV-vis spectrophotometer with a 10 mm light-path cell. Temperature of the reaction is maintained to within ±0.1 °C at various temperatures by circulating water a mixtare of water at ethylen glaycol bath.
Kinetics
To achieve more information about the mechanism of synthesizing of tetrahydrobenzo [b] pyrans, a kinetics study of the reaction between benzaldehyde 1, malononitrile 2 and dimedone 3 in the presence of caffeine in a mixture of (water/ethanol, 2:1) was undertaken by UV-vis spectrophotometry technique. Firstly, it is essential to find an appropriate wavelength in order to follow the kinetic study of the reaction. In this regard, in the first experiment, 10 -2 M solution of each reactant 1, 2, 3 and 2×10 -3 M solution of caffeine were prepared in a mixture of a mixture of (water/ethanol, 2:1) as solvent. Approximately 3 mL aliquot from each reactant was pipetted into a 10 mL light path quartz spectrophotometer cell and the relevant spectrum of each compound at 25°C was recorded over the wavelength range 200-600 nm. In the second experiment, 0.2 mL aliquot of 8×10 -3 M solution of caffeine and 0.2 mL aliquot of 4×10 -2 M solution of reactants 1 and 3 were pipetted into a quartz spectrophotometer cell, then 0.2 mL aliquot of 4×10 -2 M solution of reactant 2 was added to the mixture according to stoichiometry of each reactant in the overall reaction. The reaction was monitored by recording scans of the entire spectra with 20 minute intervals during the whole reaction time at the ambient temperature (Fig. 2) . As can be seen in Fig.  2 , the appropriate wavelength was detected to be 385 nm (corresponding mainly to the product 4). Since at this wavelength, reactants 1, 2, 3 and caffeine have relatively no absorbance value, it gave us the chance to find the practical conditions that allows kinetics and a mechanistic investigation of the reaction. It's important to note that, the concentration range was measured over (10
M) to prove a linear relationship between the absorbance and concentrations values.
In the third experiment, under the same concentration (10 -2 M) of 1, 2 and 3 in the presence of caffeine (2×10 -3 M) in a mixture of (water/ethanol, 2:1) at 25!, the reaction kinetics was followed by indicating the UV absorbance measurements as a function of time (Fig. 2.) .
The infinity absorbance (A " ) was sampled every 2 minutes for an overall time span of 20 minutes as reported in Fig. 3 . With respect to this value, zero, first or second curve fitting could be drawn automatically for the reaction by the software associated 51 with the UV instrument. A second order fit curve (solid line) was obtained from the absorbance data versus time provided at 380 nm that precisely described the experimental curve (dotted line) as reported in Fig. 3 . It is obvious that the reaction is second order. Thus, overall order of reaction is á + â + ã = 2. Therefore the second-order can be reported (k over = 7.93 min
In this case, rate law can be written as: 
Effect of Solvents and Temperature
Temperature and the solvent environment has their effects on the rate of reaction so, both of them were investigated through various experiments under different conditions of temperatures and the solvents, but, under the same condition as the earlier experiments.
Because the transition state (Step 1, Fig.  9 ) in reaction carries a dispersed charge, solvents with higher dielectric constant speed up reaction rate (Table 1 ) by stabilizing the species at the transition state more than reactants, and therefore E a would be made lower.
In the investigation range of the temperature, the relation of the second order rate constant (ln k 1 ) of the reactions on reciprocal temperature confirms Arrhenius equation. This manner is indicated in (Fig.  4) . The activation energy, for the reaction between 1, 2 and 3 was acquired forming the slope of (Fig. 4) .
On the basis of Eyring equations (2) and (3) the activation parameters H ‡ (activation enthalpy) and S ‡ (activation entropy) were determined using the intercept and slope, respectively (Figs 5 and 6).
... (2) ... (3) That k B is Boltzmann's constant, T is temperature, h is Planck's constant and R is universal gas constant. . This correlation has been mentioned elsewhere [52] [53] [54] . The standard errors for activation parameters have been calculated and they have been reported along with these parameters in both Table 2 .
Furthermore, DG ‡ (Gibbs free energy) was determined using the equation (5):
According to equation (22), k 1 is proportional to the general reaction rate, hence, the activation parameters which include ÄG ‡ , ÄS ‡ and ÄH ‡ can now be computed for the first step (rate determining step, k 1 ), as an elementary reaction. Obtained activation parameters for two solvents are given in Table 2 .
It's understood from the high value of E a that the reactant is in need of higher amount of energy to increase its temperature to transition state. The value of activation enthalpy (DH Â ) and free energy of activation (DG Â ) are positive and have rather large values which suggest that the energy required for the reaction is relatively high. A positive value for entropy of activation DS Â indicates that the transition state is highly disordered compared to the ground state. Looking at detail, the activation enthalpy is lower in solvent with high dielectric constant (water/ethanol, 2:1) with respect to lower dielectric constant (ethanol) at same temperature, and this give rise to lower activation energy for reaction in solvent with high dielectric constant because E a is directly proportional to the activation enthalpy( E a = DH Â + RT). Moreover, the positive value of DG Â is a sign for the reaction to be spontaneous.
Effect of concentration
Obviously, concenteration factor plays an important role in kinetical study, spetially for finding partial order of reactant 3 under pseudoorder condition, in a separate experiment (fourth experiment), same procedure was employed with these concentrations [(10 -2 M, reactant 1), (10 -2 M, reactant 2)], [(5×10 -3 M, reactant 3)] and caffeine (2×10 -3 M). For obtaining equation (6), the rate law can be expressed:
.. (6) In this work, the original experimental absorbance versus time data reported a second-order behavior as a function of time. This is demonstrated as the full line at 380 nm that is roughly coincident with the experimental result (Fig. 7) .additionally, The observed rate constant (k obs ) was automatically calculated by the software associated with UV/vis instrument (k obs =7.80) The experimental data displayed that the observed pseudo-second order rate constant (k obs = 7.80, fourth experiment, pseudo-order condition) is identical with second order rate constant, (k obs = 7.93, secend experiment) which implies that probably ã = 0 in equation (6) .
In the fifth experiment, for evaluating a partial order of reaction in relevant to benzaldehyde 1, pseudo-order condition was defined for the reaction between the 2 (10 -2 M), 3 (10 -2 M) and 1 (5×10 -3 M) in the presence of caffeine (2×10 -3 M) in a mixture of (water/ethanol, 2:1). According to the fifth experiment, the rate law can be expressed as:
.. (7) The original experimental absorbance versus time (full line) at 380 nm well fits the experimental data (circles), shown in Fig. 8 . From Fig. 8 , it is sensible to say that the partial order of reactant 1 with respect to equation 3 is one (a = 1). As results of UV/vis experiments have shown, á + â + ã = 2 from the third experiment so that, ã is found to be zero from the fourth experiment. Then, the value of á = 1 is calculated in fifth experiment, finally, this parameters lead to â = 1 in the whole UV/vis experiments. So the rate law can be expressed as:
...(8)
To investigate which steps of the proposed mechanism is a rate-determining step, the rate law was written using the final step of reaction:
The steady-state approximation can be employed for [I 1 ] that yields the equation (10) By substituting equation (13) in (12) Step 1
Step 2
Step 3
Step 4
Step 5 (20) k 4 , k 5 and k 3 are not attained in equation (20) , therefore this rate constants have no chance to be a rate determining step, but step1 (k 1 ) and step2 (k 2 ) have a good opportunity to be a rate determining step.
If k 2 is rate determining step, so the following speculation is reasonable:
The new equation can be presented:
This equation is not compatible with the experimental rate law (equation4), because the presented equation (21) The last equation (22) is the same as the rate law that obtained from the UV experiment (equation 4). It is obvious that the original order of the reaction is two. In addition, the order of the reaction with respect to each reactant (1, 2 and 3) is 1, 1 and zero, respectively. Also, because of the presence of k 1 in the rate law (22) , it becomes clear that the first step (k 1 ) is a rate determining step.
Utilizing the above results a speculative mechanism containing five steps to be proposed in accord with knoevenagal condensation between benzaldehyde 1, malononitrile 2, for generation of 2-benzylidene malononitrile I 1 , Michael addition of I 1 with dimedone 3 producted I 2 wich subsequently followed tautomerization and cyclization afforded the corresponding product 4 (Fig. 9) .
A simplified scheme of the proposed reaction mechanism (Fig. 9) is shown in Fig. 10 .
CONCLUSION
In summary, kinetic investigation of later reactions was done using UV spectrophotometry and the results are declared in the following terms. The overall order of reaction for the formation of a 4H-tetrahydrobenzo [b] pyran in the presence of caffeine followed second-order kinetics. The partial orders with respect to benzaldehyde 1, malononitrile 2 and dimedone 3 were one, one and zero, respectively. It is understood from the result that the rate of reaction speeds up in a solvent with high dielectric constant (water/ethanol, 2:1) in comparison to those with lower dielectric constant (ethanol) at all temperatures. In the studied temperature range, the second-order rate constant of the reaction was inversely proportional to the temperature, which was in agreement with the Arrhenius equation. From the temperature and solvent studies, the activation energy (E a ) and the related kinetic parameters (ÄG ‡ , ÄS ‡ and ÄH ‡ ) are calculated. It's obvious that the large positive value of activation parameters leads to a stiff reaction progress. Therefore, the first step of proposed mechanism was identified as a rate-determining step (k 1 ) and this was confirmed based on the steadystate approximation.
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